Background: Most knowledge on chronic fatigue (CF) and chronic fatigue syndrome (CFS) is based on clinical studies, not representative of the general population. This study aimed to assess the prevalence of fatigue in an adult general population and to identify associations with lifestyle factors. Methods: Total 22 500 residents of Nijmegen were selected at random and interviewed by questionnaire. Data on 9062 respondents (43% response) were analysed, taken into account age, gender and concomitant disease. Subjects were classified into four groups: not fatigued (NF, reference group), short-term fatigue (SF, <6 months), chronic fatigue (CF, !6 months) and CFS-like fatigue (in accordance with the Center for Disease Control criteria for CFS, without clinical confirmation). Results: Our study population showed the following breakdown: NF 64.4% (95% CI 63.6-65.6%), SF 4.9% (95% CI 4.5-5.4%), CF 30.5% (95% CI 29.5-31.4%) and CFS-like fatigue 1.0% (95% CI 0.8-1.2%). Compared with the NF group, more of the CFS respondents were female [odds ratio (OR) = 1.9], obese (OR = 4.1), using analgesics (OR = 7.8), had a low alcohol intake (OR = 0.4), were eating less healthy food (OR = 0.5) and were physically less active (OR = 0.1). These associations largely applied to the SF and CF group. The fatigue could have been due to a concomitant disease in 34 and 55.5% of the SF and CF cases, respectively. Conclusion: The prevalence of CF in the general population appears to be much higher than previously indicated. Even with strict criteria for CFS, it is estimated that $1% of the adult population experiences this condition. Interestingly, a large part of this group remains unrecognized by the general practitioner. A striking similarity in lifestyle pattern between SF, CF and CFS calls for further research.
Introduction

F
atigue is a common problem with varying severity. According to international studies in general practice, 25-30% of the complaints were found to concern fatigue, while in the population at large, 30-50% reported symptoms of fatigue. [1] [2] [3] [4] [5] [6] [7] Substantial limitations in mental, physical and social functioning occur, with considerable social and economic impact because of increased medical consumption and absenteeism from work. Severe, incapacitating, chronic fatigue that is not caused by a pre-existing (chronic) disease and meets the internationally accepted operational criteria is worthy of the diagnosis of the chronic fatigue syndrome (CFS). 8 Recently, the Dutch Health Council estimated that 30 000-40 000 people fit the diagnosis of CFS in the Netherlands, based on prevalence studies in general practices. 5, 9 If CFS is left untreated, <10% of the patients will recover. [10] [11] [12] [13] Therefore, CFS is a considerable health problem.
Literature suggests that potentially amendable life style factors are relevant in explaining the occurrence of chronic fatigue. [14] [15] [16] [17] People with CFS seem to have less healthy life styles, 5, [18] [19] [20] [21] [22] [23] [24] including higher use of analgesics, antidepressants, sleeping-pills and tranquillizers. 25, 26 Because most studies are based on small, selected samples and varying definitions of fatigue, the actual occurrence of fatigue and the associated risk factor pattern in the general population remains unknown.
To investigate the prevalence of fatigue in the general population and to identify possible risk factors, we analysed data from the Nijmegen Biomedical Study (NBS) in which information was obtained from a large unselected sample of the Nijmegen population in 2003. The following specific questions were addressed:
(1) What is the prevalence of fatigue in the adult general population? What are the proportions of short-term fatigue, chronic fatigue and chronic fatigue syndromelike fatigue? Are the outcomes affected by the presence of a (chronic) disease that might be causing the fatigue? (2) Are there differences in lifestyle between subjects who are not fatigued and persons who have short-term, chronic or CFS-like fatigue? Are there differences between these groups regarding the use of analgesics, antidepressants or sedatives? (3) Are there differences in the degree that persons with short-term, chronic and CFS-like fatigue consult their GP because of fatigue?
Methods
In 2003, our department conducted a cross-sectional survey on a random sample of the adult population of Nijmegen (stratified for age and gender; the NBS). We selected 750 persons of each gender in 15 5-year age groups. A total of 22 500 inhabitants aged !18 years were invited for a blood sample and an additional questionnaire addressing demographic characteristics (table 1) , lifestyle, occupation, medical history and family diseases.
The following instruments were used:
Shortened fatigue questionnaire (SFQ), with good internal reliability (Cronbach-: 0.88) and discriminating validity.
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A cut-off score of !18 was considered as severe fatigue; in the remaining text this will be referred to as 'fatigue'. Rand 36 Physical functioning (Cronbach's-: 0.92): 28, 29 A 10-item subscale, transformed to a 0-100 score, where higher scores mean better physical function. A cut-off of 65 was considered to reflect severe problems with physical functioning. Symptom criteria for CFS according to the CDC-94. 8 Four of the eight symptoms (memory or concentration problems; sore throat; tender cervical or axillary lymph modes; muscle pain; pain in several joints; new headaches; non-refreshing sleep; malaise after exertion) had to be present for at least 6 months to comply with the diagnosis of CFS. A list of (chronic) disorders that might cause fatigue was composed by a panel of experts on CFS. This list was based on questionnaire data: cardiac infarction and/or medication for cardiac and vascular diseases; (medication used for) rheumatic disorders; asthma/chronic obstructive pulmonary disease requiring medication; renal pathology (kidney stones not included); cancer; stroke; thyroid disorders; liver disorders (<2 years); diabetes (<2 years); anaemia (<2 years).
Based on self-reported data, subjects were classified into one of the following four groups:
( The following variables were used (questionnaire): gender and age (10-year strata, starting at 18 years); food intake: vegetables, fruit, cereals, meat, fish, milk (never/1-2 days a week/3-5 days a week/almost every day; with score 0/1/2/3); use of supplements (multivitamins, folic acid, vitamins B and C, iron); medication (analgesics, sleeping pills, tranquillizers and antidepressants); non-smoker/smoker/ stopped and number of pack years (< or >10); coffee (< or >6 cups a day); alcohol intake (none/<2 units a day/2-5 units a day/>5 units a day); physical activity (inactive/averagely active/active; based on the average of five activity items, each with three levels); education level (primary (vocational) education/secondary (vocational or higher) education/higher vocational education or university); children (yes/no). ).
'Healthy food intake' was constructed by the sum of fruit, vegetables and cereals intake (score at least 3).
Proportions with 95% confidence intervals (CI) were used to estimate the prevalence of fatigue.
First, relations were studied between the three types of fatigue (NF = reference group) and several variables using univariate analysis (cross tables). This provided odds ratios (ORs) with 95% CI. The same analysis was carried out after the groups had been split up according to the presence or absence of a (chronic) disease. This included the reference group.
Secondly, the number of variables in each of the following sets of coherent variables were reduced by means of multiple logistic regression: food/supplements; use of medication; smoking. Variables that caused at least 10% change in the sum score and/or 10% shift in the coefficients in the multiple logistic regression analysis were retained (likelihood technique).
Thirdly, for each of the three types of fatigue (NF = reference group) a multiple logistic regression model was created with a reduced set of variables. By means of 'stepwise forward' and 'stepwise backward' techniques (likelihood technique), we searched for the smallest model in which all the variables contributed at least 10% to the model (sum score and betas). In the final model, the relations were estimated by expressing the regression coefficients in ORs with 95% CI.
All the analyses were carried out with SPSS 12.0.1.
Results
The questionnaire was returned by 9375 out of the 22 500 persons approached (43%). A small-scale non-responder survey (n = 200) revealed that most non-responders 'were not interested' or 'had no time' (57%). Another subgroup of nonresponders was 'too old', 'too il', dead or moved (24%). The sample of nonresponders was similar to the responders with European Journal of Public Health regard to age and gender, but more of the responders had higher education, employment and better health perception. Of the responders, 313 were excluded because of missing fatigue data. This left 9062 responders for analysis. Figure 1 shows a flowchart of the study population, broken down into fatigue categories. Most responders did not have fatigue (64.6% CI 63.6-65.6%); 4.9% (CI 4.5-5.4%) were considered to have shortterm fatigue (SF; n = 447); 30.5% (CI 29.5-31.4%) were considered to have chronic fatigue (CF; n = 2763); 89 persons (1%; CI 0.8-1.2%) met the operational criteria for CFS. A concomitant (chronic) disease that may explain the fatigue was present in 34% of the responders with short-term fatigue (n = 139) and in 55.5% with chronic fatigue (n = 1357).
Relations between the different variables and fatigue are shown in tables 2 and 3. As our study focused on CFS, this group was analysed first (table 3); Significant relations found in univariate analysis of this group were used in the multiple logistic regression analysis. Milk, coffee, present smoking behaviour, children and education level did not contribute to the model. Thus, the following remained in the analysis: gender, age, healthy food (vegetables, fruit and cereals), smoking pack years, alcohol intake, vitamins, iron, sedatives, tranquillizers, sleeping pills and antidepressants, overweight and physical activity.
None of the analyses showed a relation between CFS and age, although there seemed to be more cases in the age group 40-60 years (OR = 1.7). Age was retained in the model, because pack years of smoking depended strongly upon age. A clear relation with gender was found: more women had CFS (OR = 1.9). Besides a strong relationship with the use of analgesics (OR = 7.8), persons with CFS drank less alcohol (OR = 0.4) and ate less healthy food (OR = 0.5). As expected, they were less physically active (OR = 0.1/0.2) and there was a strong relationship with overweight (BMI > 30) (OR = 4.1). Although iron intake was not associated with CFS, we included this variable, because it was strongly interdependent with other variables; omission would have led to distortion of the model.
Univariate analyses on the SF and CF group show the same relationships as in the CFS group. After multiple logistic regression analysis (tables 2 and 3) the final SF and CF models were very similar to the CFS model. The only differences were clear relationships in the SF and CF groups with age (younger than 40-60 years and >60 years) and greater intake of iron. Antidepressants and sedatives did not contribute to the SF model.
Overall, SF and CF groups comprised more women, less older respondents (>60 years of age), more obese (BMI > 30), more respondents with low-alcohol intake (2-5 units) and more smokers (>10 pack years). Estimates with CI <1 had a significant lower proportion of positive responders; estimates with CI >1 had a significantly higher proportion of positive responders a: n = 89 b: n = 3686 c: n = 2674 d: n = 5852 e: n = 997 f: n = 1357 g: n = 1531 h: Reference category: physically inactive to less than averagely active i: Sufficient vegetables, fruit, cereals in meals j: Pack years = 10 is similar to smoking one packet of cigarettes per day for 10 years k: Alcohol intake in units of one glass More SF+ subjects had a healthy food intake (OR = 1.3) and were as physically active as the reference group. More CF+ subjects were using sedatives and antidepressants (both OR = 2.2). More CF+ subjects used iron (OR = 2.0) and were less physically active (OR = 0.5/OR = 0.3).
SF-and CF-subjects were less physically active (OR = 0.4/ OR = 0.5), More of them were smokers (>10 pack years) (OR = 1.8/OR = 1.5), more of them drank >5 units of alcohol per day (OR = 1.8/OR = 1.5). The CF-group consumed more antidepressants and sedatives (OR = 3.7 and OR = 4.0, respectively). The SF-group used more iron (OR = 2.1) and more of them were obese (BMI >30) (OR = 2.1).
In the SF group, 29% of the respondents had consulted their general practitioner (GP) because of fatigue. In the CF and CFS groups, this applied to 55 and 71%, respectively. After stratification for concomitant (chronic) disease, these percentages were 21 (SF), 47 (CF) and 71% (CFS) in the absence of (chronic) disease, versus 40 (SF) and 63.5% (CF) when a chronic disease was present.
In each of the fatigue groups, the only difference between the subjects who consulted their GP because of fatigue and those who did not was that the former were using more prescribed medication.
Discussion
This study showed that one-third of the adult population had complaints of fatigue, including 1% reporting CFS-like complaints. This rate was identified using a strict definition of CFS and was considerably higher than previously assumed in the Dutch population. Two physician-based surveys showed a much lower prevalence of 0.1-0.2%. 4, 5 When adjusted for the stratified sampling and extrapolated to the adult population of the Netherlands, this 1% would imply that $128 500 Dutch adults have a CFS-like disorder. 30 In a study in Kansas using similar operational criteria for 'CFSlike' complaints, an initial prevalence of 6.4% was found, but clinical evaluation dropped this rate to 0.6%. 31 Unlike the initial part of the Kansas study (detailed telephone interviews followed only for the cases with fatigue >1 month), the detailed questionnaire of our study allowed us to pay close attention to concomitant diseases, for which we used a strict selection. Although we actually do not know how many CFS subjects would have been clinically confirmed, it is unlikely that clinical evaluation would exclude as many cases as in the Kansas study. Assuming that half of the persons with CFS-like complaints in our study would receive a definite diagnosis of CFS after clinical evaluation (i.e. a prevalence rate of 0.5%, about the same as in the Kansas study), then this would still imply doubling of the estimate made by the Dutch Health Council. 12 Given the large number of people who apparently have CF or CFS, the question arises as to why the diagnosis of CFS is underestimated? More than 70% of our CFS group consulted their GP because of complaints of fatigue, only 6.7% (6 out of 89) reported to be diagnosed as having CFS. Although we did not check these answers in the medical files, we infer that physician-related factors (e.g. ignorance, no confidence with the diagnosis, scepticism towards CFS) need to be taken into account. 5, 9, [32] [33] [34] [35] Fatigue is a relative nonspecific symptom, compared with other symptoms of the CFS definition like problems with memory/concentration, unrefreshing sleep or muscle/joint pain. Besides, if people feel their problem will not be taken seriously by a GP, they will be discouraged to present it.
Half of the subjects in our study who were suffering from fatigue had a concomitant disease that could explain the complaints. Stratification for concomitant disease revealed relevant differences in risk factors. More of the CF subjects without concomitant disease were obese, had an unhealthy lifestyle, were smokers, ate less healthy food, were physically less active and made more use of analgesics, antidepressants and sedatives. The lifestyle of the SF subjects without concomitant disease largely showed the same unhealthy pattern.
Demographically, our group of CFS-like subjects was strikingly different from the clinical populations described in the literature. First, the male/female ratio of 1:2 in this study deviated from the 1:3 or greater ratios reported in clinical studies. 3, 5, 18 An explanation could be that stratification and correction for other variables diminished the gender differences. 36 Secondly, the prevalence of CFS in the age group of 40-60 years was higher than reported in the literature. Younger adults were probably overrepresented in the clinical populations because they sought help at an earlier stage. 5, [18] [19] [20] [21] As the group with concomitant disease was very heterogeneous, inferences based on the relationships found in this study are less straightforward.
The strong relationship with the use of analgesics in the CFS group supports the notion that pain, especially in the muscles, is a component of CFS. 8 Antidepressant use by subjects with fatigue may indicate a relation with depression, but it may also be explained by the prescription behaviour of GPs in the case of unexplained fatigue. 25 Conversely, fatigue may be a side effect of drug use. Sedatives may also cause fatigue, but on the other hand, people with CFS often use sedatives because of disturbed sleep patterns. 25 A remarkable finding in our study was that the CFS group tended to eat less healthy food. This might be explained by the findings reported by Smith and Cohen that CFS patients were more inclined to eat ready-made meals because they lacked the energy to prepare fresh ingredients. 19 The lower intake of alcohol in the CFS group is intriguing. Part of the explanation may be alcohol intolerance, which has been reported before in relation with CFS. 21 Physical inactivity and obesity appeared to be an important relationship not only in CFS, but also in SF and CF groups.
Our study had some limitations. Firstly, the subjects in our CFS group were classified according to self-reported symptoms, without any confirmation by means of clinical evaluation. Thus, only an approximation can be given of the real number of CFS cases, as was also the case in previous studies. 3, 4 Secondly, the cross-sectional design of this study makes it impossible to determinate the direction of any relationships. Combining worldwide research on fatigue and CFS should contribute to a more efficient investigation on this subject; it will strengthen evidence and speed up the insight in fatigue and CFS.
Thirdly, less than half of the original population responded to the study. This is not exceptional in a public health survey and indeed may lead to quantitative bias in the estimates. The main reason for nonresponse was 'not interested', or 'no time'. Assuming that 'busy' people (who are less likely to report fatigue) are overrepresented among non-respondents, we cannot exclude that some selection bias (leading to overestimation of the presence of fatigue) has occurred. The low response may have partly been due to the simultaneous request to undergo blood tests, because in a similar study without this request in Boxmeer, the Netherlands, the response rate was 70%. 37 Finally, as a university town, the population of Nijmegen is slightly more educated than the Dutch population in general. Combined with our survey on the non-responders, which gave the impression that the responders had a higher Epidemiology of fatigue socio-economic status, they make up for a bias away from the group with a lower education. The univariate analysis on education level in our study showed no difference with the general population, as you can see in other studies as well. 6, 7, 31 Literature suggests fatigue is related with lower socio-economic groups 36 , so an underestimation of the real prevalence of CFS, SF and CF is more likely than overestimation.
Any of these factors may have led to biased estimates of the real prevalence of fatigue (underestimation in all cases except for selective response), but it is unlikely that any type of bias would have disturbed the relations we found between certain variables and fatigue.
In conclusion, the results of this study strongly suggest that CFS is much more common than was previously assumed on the basis of physician-based research. The majority of our CFS cases had consulted their GP because of specific complaints of fatigue, but apparently, for various reasons the diagnosis had not been made.
This similarity in lifestyle pattern suggests that SF, CF and CFS probably are not so much different types of disorders, but more likely different manifestations on a continuum for fatigue. Literature so far does not provide support for this notion, nor for the contrary. It is worthwhile to study the association between lifestyle and different forms of fatigue in other databases. Such studies should find out whether an (un)healthy lifestyle is a cause, a consequence or a correlate of some underlying predisposing factor for SF, CF and CSF.
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Key points
No population-based prevalences of chronic fatigue syndrome (CFS) have been published so far. Nearly one-third of the adult population experience CF of 6 months or more. Of these half is comorbidity. About 1% fulfils the CDC criteria for CFS which is much higher than estimated before. More than 70% of the CFS cases have presented the complaints to their GP. Yet, most of the cases remain undetected. Training of GPs to recognize CFS in an early stage is advocated.
